DpCOHENT RESOHE 



BD 166 043 



SB 026 557 



TITLE 

INSTITUTION 



REPORT NO 
PUB DATE 
NOTE 



Energy/Environment Fact Book. Decision Series. 
DeparLment . of Energy^ Washington, D-C, ; Environmental 
Protection Agency, Hasfiington, D.C. Office of 
Research and Development. 
EPA-600/9,-77-0ai 

Mar 78 ^ 
140p.; Contains photographs and shaded charts v^nd 
graphs which may no t reproduce well 



BDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



MF-$0*B3 HC-$7.35 B.lus Postage. 

♦ Depleted Resources; Ecological A||^ctors; ♦Energy; 
♦Environment; Environmental ^Resel^ch ; ♦Fuels ; 

♦ Natinral Resources ; Pollution; Reference flaterials 
Decision^ Seriesi; ♦Energy Education 



ABSTRACT 

This collection of data and graphics we^re prepared in 
response to a request from the White /House Energy Policy and Planning 
Staft, The focus of this document is on those environmental issues* 
which will, in the near and midterm future, prove important to the 
rapid development of domestic energy resources. This report 
emphasizes coal because. of its prominence as an energy resource 
during this period.. Other energy sources such as nuclear power, oil ' 
shale, oil, and gaa are discussed to a lesser degree. Long term 
resources such as it)lar and geothermal resources are considered 
briefly, 'but reference^ for further reading on these subjects are 
provided. The intent of the document is to communicate coTicepts • 
rather than technical detail, thus data are approxima te^, 
(Author/RE) 
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The Energy/ 

Environment 

R & D Pecision Series 

This volume is part Xf the Energy/Environment 
R&D Decision Series. The series presents the key 
issues and findings of the Interagency Energy/ 
Environment Research and Development Program 
in a format conducive to efficient information ( 
transfer. 

^ The Interagency Program vv^s inaugurated in fiscal^ 
' . year 1975. Planned and coordinated by the 
Environmental Protection Agency (EPA), research 
projects supported by the program range from the ^ 
analysis of health and environmental effects of 
energy systems to the developrne^Ujf 
environmental control technc^^^^ 

The Decision Series is produced for botK energy/ 
environment decision-makers and the interested 
public. If you have any cpmments or questions, 
please write to Seizes Editor Richard Laska, Office 
of Energy, Minerals and Industry, RD-681, U. S. 
EPA, Washington, D. C. 20460 of call (202) 
. 755-29{^0. Extra copies are available. This 
document is also available to the public through the 
National Technical Information Service, 
Springfield , Virginia 22161. Mention of trade 
names or commercial products herein does not 
constitute EPA endorsement br recommendation 
for use. 
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The Energy/ 
Environment Fact Book 



Preface 



The (oilowing cbllection of graphics and data were ' 
prepared in response to a request from the White 
House Energy Policy and Planning Staff. This 
information comprises the draft of Chapter 1 1 of 
the U. S. Department of Energy (DOE) Fact Book. 

The focus of this chipter is on those environmental 
issues which, during the near and mid-term, will 
prove important to the rapid development of 
domestic energy resources, The most important 
energy resource during this period will be coal; the 
emphasis of this report is on coal. Other near and 
mid-term energy sources, such as nuclear, oil shale, 



"oil and gas are discussed to a lesser degree. Some 
sources, such as solar and geothermal, are scarcely 
touched upon because of the long-term nature of 
their promise. However, good references for these 
can be found in the further Reading ' section 
at the end of the report. 

Much of the information in this volume i/ 
approximate. It represents the latest data available 
in summary for/n, That data were drawn from 
differing sources using differing assumptions is 
obvious from the inconsistencies of some of the 
estimates. The intent here, however, is^to 



communicate concepts rather than ?«chnical detail. 
In pursuit of this goal , many of the qualifiers which 
would otherwise accompany such scientific data 
have been eliminated. It is hoped that this editing 
process did no injustice to the truth. We welcome 
your suggestions. / 

United States Environmental Protection Agency 
Office of Research and Development 
Office of Energy,, Minerals and Industry 
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1 Trends 
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Introduction 

Energy systems, especially electric power ^ 
generating plants, can impose upon the 
environment in many ways, Federal standards have 
been set foY a number of the major pollutants from 
power plants. These standards are based upon the 
measured health and welfare impacts of such 
pollutants, and upon the availability of effective 
technologies to control the pollutants. They set 
ma;(imum allowable levels of both dir and water 
pollution. These levels limit either the pollution 
which a plant ma^ emit (performance standards) or 
the concentrations of pollution to which people 
may be exposed (air quality standards) . 

Significant progress has been made in recent years 
in controlling severfST major poHutants. Others 
remain intractable^mphasis in this section is upon 
those pollutants, such as sulfur oxides, nitrogen 
oxides and particles, which are most associated 
with coal combustion. 
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irces 
Pollution: 

(— ... 

gy Contributes a 
r Share . 

mx generation is far and away the 
itioiaary source of sulfur oxides. The 
and industrial sectors ar^ major sources 
^olfutants Transportation sources - 
' nnucn of the carbon monoxide. The 
nd electric utility sectors are major 
s of particulate mafter to the 
e. 

the other hand, produces a 
3nce of1he world's hydrocarbon 
However, such natural sources are 
ersed. They do not usually expose 
areas to high concentrations as do 
de Sources. 

ind chart indicates gross'quantities 
lants released by stationary combustion 
Tipared with emissions from mobile and 
m arid natural sources The right hand 
ates stationary sources of pollution into 
)es, and shows the relative proporjion 
vater pollution and solid wastes from 



Major Air ' 
Pollution Sources 
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Particles 



Sulfur oxides 
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Nitrogen oxides 
(NOx) ^ 



Hydrocarbons 
(HC) 



Carbon monoxide 
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^Nntural emissions t'stimatt'd by multiplyint^ totiil ruitura! emissions by thr ratio of U S.'to tjlobal land surfrU't^ , 
IJ - unknown 

Sources: (XA Corp , 1970 
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Stationary Combustion Systems 



\\i Water Solid waste 
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monoxide 
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55,2 
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'0 
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^BSO - Benzene soluble organics * 
PPOM - Particulatt? polvcvclic orgait m\m\ 
BciP-Btni/()((i)pvre'ne 

Source CiCACorp , 1976 
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Air Quality 
Standards 

Limits for Exposure 
and ^missions 

There are two types of federal standards set to 
control air pollution , fiew Source Perjormance 
Standards set a maximum limit on the ' 
concentrations and/ or volume of emissions from 
each type of source (e.g., power plant) , The other 
type. Monol /\n]bient Air Qua% Slandords, 
define the maximum tolerable concentrations for 
various pollutants in the air we breathe. 

New Source Per/ormonce Standards apply to new 
or modified sources of emissions (e.g., power 
■ plants). 

Ambient Air Quality Stondords apply to the air we 
breathe. They are based upon measurements of the 
human health impacts of pollutants (primary 
standards) or of the welfare impacts of pollutants 
(secondary standards), These standards have been 
established by the Federal government for five 
pollutants: carbon monoxide, oxidants/ozone, 
particles, nitrogen dioxide, and sulfur dioxide. 
Fossil fuel combustion for power and transportation 
is responsible for most of the emissions of these 
pollutants. In 1975, national air monitoring 
indicated that standards for every pollutant were 
violated some place at some time. 

The relationship between emissions and ambient air 
quality is complex and depends on wind and 
weather conditions, topography, stack heights, and 
temperature of emissions. For example, when the 
wind speed is low emissions may rise higher, spread 
more slowly, and reach the ground at a more 
distant point than with a high wind speed. 



1975 Air Quality 



Stations at 
which Standards 
were Exceeded , 



Air Quality Control 
Regions (AQCR)whiph 
Showed Violations 



Pollutant 
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dianQaras 


No, 


% 


No. 
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Tolal Suspended Particulates (TSP) 


Primary annual 


437 of 2186 


20 


116of216 


> 

53,7 


Total Siispeniledparticulates |TSP| 


Primary 24-hour 


311 of 4137 


7.5 


108 of 243 


44.4 


Sulfur Dioxide (SOJ 


Primary annual 


3S of 1357 


2.6 


12 of 187 


6.4 


Sulfur DioHide (SOJ 


Primary 24- hour 


122.012631^ 


5,0 


37 of 229 


16.1 


Carbon Monoxide (CO) 


Primary l^hour 


28 of 436 


64 


15 oil 17 


12.8 , 


Carbon Monoxide (CO) ^ 


Primary 8-hour 


232 of 436 


53 2 


. 77 of 117 


65,8 


Oxidants/Ozone (Ox/Oj 


Primary 1-hour 


356 of 416 


856 


96 of 102 


94,1 


Nitrogen Dioxide (NOJ 


Primary annual 


.19 of 824 


2,3 


.5 01128 


3.9 










Source: Faoro, 1977. 



New Sourcfe Performance 
Standards for Fossil 
Fueled Steam Generators 







NO/ • 


Particles 


Opacity 


Liquid Fossil Fuel 


. l,4g/10'cal 


0 54g/10'cat 


0,189/10' cal 


20% 


Solid Fossil Fuel 


2 2g/10'caj^ 


126g/10' cal 


018g/10' cal 


20% 


Gaseous Fossil Fuel 




0,36g/10'cal 


■018g/10'cal 


20% 



''When fuel containing 25% by wt or more of coal refuse is burned in combinafon with other fuels, the NO^^ standards do not apply, 
''A maximum of 40% is permitted lor not more than 2 rliinutes in any hour 



Source: 40 CFR( 
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Ambient Air 
Quality Standards 



Pollutant 



Total Suspended Particulates (TSP) 



Sulfur oxides (measured as SO2) 



Carbon monoxide (CO) 



Oxidants/ozone (O^/Oi) 



Nitrogen dioxide (NO2) 



Hydrocarbons (HC) 



0 



Time Period /Standard 



Annual, secondary 
Annual, prinnary^ 
24-hour, secondarv'^ 
24-hour, primary 



Annual, primary 
24-hour, primary 
3-hour, secondary 



1-hour, primary 
8-hour, primary 



1-hour, primary 



Annual, primary 
Annual, secondary 



3 hour, primary, secondary 



^Primary; to protect public health 
'^Secondary: to protect public welfare 

^Hydrocarbons: Hydrocarbon standard does not have to be met if oxidant standard is met. 
Source: 40 CFR 50 



Naximun) 
Permissible 
Concentration 



60 yg/m' 
75 Mg/m^ 
150 m/m' 
260 Mg/nn' 



80 pg/m^ 
365 Mg/m' 
1300 pg/m' 



40 mg/m* ^ 
10 mg/m' 



160 ^g/m' 



100 Mg/m^ 
100 Mg/m' 



160 pg/m' 
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NatMnalAir 
Pollutant Emissions 



These charts show emissions estimates by year and 
by the type of source. Particulate matter was 
significantly reduced (by 33%) and carbon 
monoxide moderately reduced (by 15%) over the 
six-year period 1970-1975. Transportation 
accounts for most of the carbon monoxide and 
hydrocarbons and nearly half of the nitrogen oxides 
emitted. Stationary fuel combustion and industrial 
processes are major sources of particulate matter, 
sulfur oxides, and nitrogen oxides. 

Annual ^mates, 
1970.1975 

lO'tons/yi 



Soum US EPA, 1976b 
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National Emission 
Estimates ' 

By Source, 1975 



Source category 

Trafisportation 
HTghway 
Non highway 

Stationary fuel combustion 
Electric utililies 
Industrial fuel 
Other 



Year 


Particles 




NO, 


HC 


CO 


Industrial processes 
Chemicals 


1970 












Petroleum refining 


26.8 


34,2 


227 


33.9 


1137 


Metals 


1971 


24,9 


323 


234 


,333 


'113 7 


Mineral products 


1972 


2.3,4 


36,7 


246 


34.1 


115,8 


Other 


1973 


219 


356 


25,7 


.34,0 ' 


111,5 


1974 


20 ;i 


341 


250 


,32,9 


103.3 


Solid waste 


1975 


18(1 


.32 9 


24 2 


,30 9 


96,2 
















Miscellaneous 



Forest wildfires 
Forest managed burning 
Agricultural buVning 
Coal refuse burning 
Structural fires 
Organic solvents 
Oil and gas production / 
and marketing 

Total 

Source: U S. EPA. 1976b. 
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<01 
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<01 


0,1 
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0.1 


01 


01 
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<0,1 


<0,1 
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■ 0 
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4,2 
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32.9 


24.2 


' 30,9 
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Air Pollution Trends 



Progress Against 
CO and Particles 

Improved automotive emission controls have 
resulted in lower carbon monoxide levels in tfie air, 
Control equipment, such as filters and precipitators 
in industrial and electric power plants, has reduced 
the concentration ol particles in the atmosphere. 
However, comparable progress with other 
pollutants has not been achieved during the period 
1970 to 1975, 



Air Pollution Trends: 
Emissiohl by Source 



Legend: 

Transportation 
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Sulfur 

Dioxide Trends: 



Some Progress, 
Potential Problems 

The major sdurce of sulfur oxides in the 
atriiosphefe IS the combustion of fossil fuels, 
especially those with high sulfur content. The most 
common siiRur oxide from combustion is sulfur 
dioxide (SO2) : Sulfur dioxide in the atmosphere 
converts to sulfates, which can damage the lungs, 
arid to sulfurous or sulfuric acid, which increases 
the acidity of rainfall. 

Over the past two decades, the shift to cleaner 
(loW'Sulfur) fuels such as oil and natural gas has 
' resulted in a significant decline in the level of SO^^in 
the atmosphere. This tj:end has leveled off recently. 
However, slight increases have been noted in 
places such as Los Angeles and parts of the 
Northeast. In Los Angeles, for exam'ple, relatively 
lo\^sulf ur dioxide levels have increased coincident 
with the curtailment of the use of natural gas as an 
industrial fuel. A shift to coal from natural gas and 
oil will require strict environmental controls if 
standards are to be maintained. 
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Trend iii Average 
Annual Levels 



- ,.1 



60' 
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64 65 66 67 

Sources: 1964-1970 U. S, EPA, 1973. 
197^^1975 U.S. EPA, 1976 b 
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Air Quality 
Control Regions 

Status of Compliance with Ambient 
Air Quality Standards for Sulfur Dioxide 




Q Areas in Conipliaiirc 
in Ar(^(^ witl^ Violations 



Areas witlrlnoclequdle IhU 
Status [inkiio^vn 



Source U S. i:PA. \m\ 
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Sulfur Oxide ^ 




Mainly from 
Stationary Sources 

Large concentrations of sulfur oxide emissions 
occur in an eirea extendiny from Eastern Ohio, 
through Western Pennsylvania, to Maryland and 
West Virginia. This area accounts for more than lO 
percent of th^ total sulfur oxide emissions in the 
nation Another emission belt is located in Southern 
Illinois, Indiana, arid Kentucky. Prevailing wind 
conditions tend to carry a portion of these sulfur 
oxide emissions, and their transformation products, 
intb the populous urban areas of the Northeast, 
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Tptaf Suspended 
Particulate Matter Trends 



A Significant 
Improvement 

Particles of dust, smoke, and mists suspended in 
the atmosphere are a widespread problem. Such 
particles, especially the fine particles, have been ,( 



shown to imbed in lung tissues and can aggravate, 
or create, serious health problems. 

Trends in particulate levels since 1970 show a 
general improvement at a rate of four percent per 
year, with the result that 38 percent fewer people 
throughout the country are exposed to levels higher 
than the health-based [primary air quality standard, 
improvement rates have differed in various parts of 



the country, with greaterflmprovement in the 
Northeast and Great Lakes areas and/lower rates in 
some Western States which have significant natural 
sources of particles. 

Despite the improvements, approximately 28 
percent of the Nation s'population still lives in areas 
where the annual standard is exceeded. 



Trends 



National Average 



45% 



43% Population Exposed to Total Suspended 




1970 1971 1972 
Source;,U,S.EPA. 1977a. 



1973 1974 1975 



1/ ^ 




I960 62 64 66 68 ' 70 72 
Sources: 19fiO-1970U. S. EPA, 1973 . 197M975U, S. EPA, 1976b. 
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Air Quality Control Regio 

Status of Compliance wittr^ 
Quality Standards for Suspei 



State Air Quality 
Implementation P 

Blueprints foij M^ieting | 
Air Quality Standards 

Each state is required to show, through a 
comprehensive plan of development, 
transportation, and pollution controls, how it will 
meet national air quality standards. A review oit 
these plans by the U. S. Environmental Protection 
Agency has determined that most of the plans were 
inadequate to meet standards for one or more 
pollutants. The maps show those states whose 
plans are inadequate to comply with standards for ^ 
each of the five pollutants for which standards 
were set. 

State Implementation Plans (SlPs), along with auto 
emissions and new source performance standards, 
are the primary modes of achieving National Air 
Quality Standards and pollution controls. 
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Summary: Niimber of Pollutants for 
Which Revisions Are Necessary. 
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Source: U, S, EPA, 1977g, 



Key: Plan Revisions Required for; 

Q = No pollulants 
Q ' 1 pollutant 
Q = 2 pollutants " 
m « 3 pollutants 
m 4 or ipore pollutants 



States with Inadequate 
AirQualityPIansJuly 1,1976 



SlPs in the far West and In the East indicate 
widespread inadequac!/ to meet carbon monoxide 
standards. Nitrogen oxides are produced by 
stationary fuel combustion and, to a lesser extent, 
by transportation. ^ 

Combustion of fossil fuels in general, and of coal in 
particular, is a major source of sulfur oxides and 
particulates. Approximately 55% of human 
generated sulfur air emissions, and 25% of human 
generated particulate emissions, are from coal 
combustion for electricity. 



Carbon Monoxide 



Nitrogen Oxides 





Oxidants 




Total Suspended Particulates 




Water Pollution 
Standards 

Controlling 
Water Impacts 

Water pollution guidelines and standards are in 
effect for the specific pollutants that result from 
power plant operations. Allowable discharges for 
each pollutant are given in the accompanying table. 
In addition, polychlorinated biphenyls (PCBs), 
which are potential carcinogens, may not be 
emitted from any source. 

Current federal regulations require that, with 
certain exceptions, closed-cycle cooling systems 
(i.e., recirculation cooling) be used on large steam- 
electric generating plants placed in service after 
1970, and on certain smaller units placed in service 
after 1974. The cooling water discharge limitations 
for pollutants are shown in the opposite table under 
'cooling water blowdown". 
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Steam-Electric 
Power System 
Allowable Discharges 



Allowable Discharge Is Effluent Flow Multiplied by the Following Concentrations In mg/1^ 



Pollutant 
Characteristic 



Total Suspended 
Solids 



Oil and 
Grease 



Copper, 
Total 



Iron, 
Total 



Free Available 
Chlorine^ 



Conosion 
Inhibitor^ 



Effluent 


' pH 


Max> 


Avg) 


Max. 


Avg, 


Max, Avg, 


Max, 


Avg, Max, Avg. 


Low Volume Wastes 


6,0-9.() 


100 


30 


20 


15 








Bottom Ash Transport 


6,0-9.0 


100 


30 


20 


15 








Fly Ash Transport 


6,0-9.0 


'100 


30 


20 


15 








Metal Cleaning Wastes 


6.0-9.0 


100 


30 


20 


15 


1,0 1,0 


1,0 


1,0 


Boiler Blowdown 


6,0-9.0 


100 


30 


20 


15 


1.0 1,0 


1,0 


1,0 

0.5 0.2 NDa'^ 


Cooling Tower Blowdown 


6.0-9.0 














Area Runoff 


6.0-9,0 \ 


Nol to exceed 50 













^^No discharge of polychlorinated biphenyl compounds such as those used for transformer fluid is allowed, 

Abbreviations used: Max, - Daily maximum, Ai/g. ^ Daily average for thirty zomc^ik days; NDA = No detectable amount. 

^^•Chlorine may nol be discharged on the average from any unit for more than tu/o hours in any one day, 

^-Includes zinc, chromium, and phosphorous, 



Source; 40 CFR 423, 
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Alternative Fuels 
and Processes 



Introduction 



Contents 



Different fuels, and different ways of using tlie same 24 Alternative Fuels and Air Pollution 

fuel, can produce dramatically different pollutant 25 Sulfur Emissions from Coal Combustion 

loads, In'addition, these various fuels and processes 26 Emerging Energy Technologies 

each impose a range of demands on other 27 Nuclear Energy 

resources, especially water. Choosing the right mix 28 Water and Energy Development 

of fuels and processes requires a workable balance 30 Energy Processes and Water 
between energy nee^ls, fuels, technologies, 



environmental constraints and other demands 
upon our limited resources, 
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Alternative Fuels 
and Air Pol lution 

Coal Use Requires 
Stringent Emissions 
Control 



The fuel used, the type of combustion technology, 
and emissions control technology aPfdetermine the 
amount of air pollutants emitted by electrical power 
plants. Power plants fueled with low-sulfur coal 
(e^g., 0,5%) can meet th^mission requirements 



of current new source performance standards, But 
the use of the more abundant higher sulfur coal 
must also be expanded. 

Flue gas desulfurization using high sulfur coal is one 
option. The advantages are lower sulfur emissions 
and expanded utility of high-sulfur eastern coals. 
The disadvantages are significant capital and 
operating costs, energy efficiency losses, and 
sludge disposal requirements. . 



Atmospheric fluidized bed combustion, still in the 
experimental stage, promises to give higher 
efficiencies and lower NO^ and SO^ emissions, but 
may also increase solid waste disposal problems, • 

Oil and natural gas are far cleaner to burn, These 
advantages are counterbalance^ by the need for 
these scarce fuels for other us(s such as home 
heating, transportation, and astljemical 
feedstocks. \ 



Pollution from 
Different Fuels 



1000 MW Power Plant 
65 X Load Factor with 
Various Controls 



High Sulfur Coal' 
Low Sulfur Coal' ' wlthFGD-85!? 
(0-5XS) (3.0%S) 



Atmospheric' 
Fluidized Bed 
Combustion 



Residual 0>' 
FGD-85 

(3.0XS) 



Natural' 
Gas 



High BTU' 
Gasification 



Fuel Consumption 



,3.270.000 tons/yr 2.500.000 tons/yr 2. 150,000 tons/yr 400.10^ gallons/yr 56x10' ftVyr 



-60x10' ft 



Ait Pokkmts 
SOjj (ton/yr) 
NOj^ (Inns ' yr! 
Particulates (tors -yr) 

Other Pollvtor)is 
Solid Waste (tons yr) 
(Sludge) ^ 
Ash (tons 'vr) 



,35.000 
21.000 
3.000 

0 

320.000 



23.000 
22,000 
3.000 

700,000 
250,000 



19.( 



210,000 



' 33% Eff. 9.000 BTU /ton HHV ■ 
'31% EH. 12,500 BTU/ton HI^V 
' 36% Efl. 12,500 BTU /ton HHV 
'31% Eff. 150,000 BTU./gallon HHV " ' 

'3.3% Eff. 1.050 BTU/sIt' HHV ^ ..^ ' 

• 33% Eff. 1.050 BTU./stt' HHV (Cnnve^sion Emissions Added ) 

' Medium-to-high sulfur coals can be physically or chemically cleared. The use of cleaned coals ,s expected to produce pollutant loads similar la 

24 ^ 



14,000 


16 


280 


21,000 


20.000 


20,600 


1,500 


300 


350 


550.000". 


0 




60,400 


0 


0 


0 



Source: U.S. ERDA. 1977 a, 



those of naturally-occurring low-sulfur coals. 



Sulfur Emissions 
from Coal Combustion 



Each Coal Is Unique 

There is no such thing as a "typluar' coal. Coals from 
different regions will vary widely in heat value per 
Ion, moisture, ash and sulfur content. For .example, 
many western c'6als are lower in sulfur content than 
eastern coals, but they are also lower in heating 
value. Hence, a greater quantity of western coal 
would have to be burned to produce the same 
amount of heat. As a result, the advantage of lower 
sulfur content in the western coals is at least partially 
offset by the requirement to burn more of these 
coals to obtain the same amount of heat. Such 
considerations make the thoice of pollution control 
strategies for a particular site or application into an 
increasingly complex task. 



SO2 Emi^ons from 
Burning Different Coals' 



' ELECTRICAL GENERATION 

HEAT BASIS 1000 MWe PLANr" 

(LBSSO./10'BTU) (Ton8SO,/Year) 



% Sulfur in Coal 


Western Coal at 9000 BTU/lb'' 


Eastern Coal at 13000 BTU<^/lb 


Western Coal at WOOBTU^lb 


Eastern Goal at 13000 BTlj<^/lb 


.2 


4 


,3 


14,000 


10,000 




V 1.3 


.9' 




30,000 ■ 


10 


■ ; . 2,1 , 1- 


1,5 


1\m 


50,000 


3.0 


6.3 ' 


4;4 


'210,000 


, 150,000 


SO 


>. m 


7,3 


360,000 


' 250,000 , 


7,0 


14.8 


10,2 


500.000 


340,000 - ' 

»M 



Does rot meet EPA Standard: 1.2 lb SO,/ 10' BTU. 

/ ' 

Assumptions ^-Based on 5% sulfur residue in ash, 

^-Typical of high-ash Western coals with percent Sulfur .2'3,0. 



Typical o( high quality Eastern steam coals,: v, 

•No SOj controls; 75% operating time; 33% thermal efficiency; 67,3 x 10'^ BTU/year thermal input 



Emerging 
Technologies 




Impacts of 
Spthetic Fuels, 
Oil Shale 



. Alternative methods for converting coal to gas and 
' liquid fuel, and for extracting oil from oil shale, may 
become significant energy sources within a decade . 
Each method, however, raises potential pollution 
impacts. Estimates of these impacts, and ways to 
control them, arecurrently under development. 



Estimated Pollutants from 
Advanced Fuel Processes 



Low BTU Gasification 



High BTU Gasification 



Coal Liquefaction 





Units 


Western 
Coal 


Illinois 
Coal 


Western 
Coal 

1 — 


Illinois 
Coal 


western ^ 
Coal 


Illinois 
Coal 


Oil Shale 
Colorado 


A i'r ' V . 


lons/yr 
















Particles 




0,69 


0,69 


f)90 


760 


511 


490 


370 


sol 




470 


l.Hlfi 


1,450 


,R.390 


1,2(K) 


1.5H() , 


4,290 


NO^ 
CO 




910 


910 


5,740 


6,270 _ 


b,«b() 


(i,Hb0 


1,590 




26 


26 


;iOO 


;i30 




270 


'140 


HC 




26 


26 


9!! 1 


, ,. 100 


2,1(H> 


2,ino 


'2,140 


NH, 




46 


37 


ZH ' 


'■ ' ,'45 








Solid Waste 


Inns/yr 


3()(),()()0 


m.m 


374,(100 


"\iO,fl()0 


3/2,000 


570,001) 


11,000 x 10'' 


Land Use 


(teres 


, 3J'90 
io2x 10' ' 


;i.i90 


1,400 


1.400 




3,254 


2,000 


Water requirt'iTitinls . 


gal/yr 


\ S20 x 10' 


4,3(X) X 10' 


4,300 X 10' 


2,200x10' 


2,200 X 10' 


1,400 x-lO' 



'On Ihe basis ol an annual supply to 1000 MWe power phnt with ,33 thermcieffrciency and 75% load (actor |67.3 x 10'^ BTU/yr] 
Source: Radian Corp., 1975 
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Nuclear Energy Questions 



Just as with coal, nuclce 
environmental problem: 
environmental issues as 
involve the entire nuclei 
and milling of ore throu 



QuamtitTcs^of ~ 
Radioactive Wastes ^ 

Volume of Low Level Wastes* 
Burled In Commercial 
Disposal Sites 



18-1 



160- 



38.5 




120- 



80- 



40 



Through 
1973 



1974 



1975 



1976 



Does not include recyclable fuel / 

About 50% of the volume is froM poy/^ plants and 

50% from other sources (e.g. mediosfuses) 



Cc 



bource: Dragonette, 1977 



Source: NERC. 1976. 



of Security and Wastes 



r.fuel has its attendant 
i and controls. The 
sociated with nuclear power 
ir fuel cycle from mining 
3h enrichment, use, 



26.7% 



recycling of spent fuel, transportation of fuels, and 
long-term storage of nuclear wastes. 

Normal radiation emissions during the 
transportation , processing and power generation 
phases of the nuclear cycle are extremely low and 

^_bj'vg.I!PJLbeep m uch a t issue as the potential 

consequences of various accidents, acts oTsaBotage 
or use of byproduct plutonium to create a health 
risk or nuclear weapons. 

The issue of storage of nuclear wastes revolves 
around the extremely long radioactive "half-lives" 
of nuclear wastes. Such material must be securely 
stored for hundreds of years. Nuclear power 
produced approximately 9% of. our electrical 
energy in 1976. 



Electric 

Generating Qapability 




Oil 



Hydro 



Gas 



Nuclear 
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Water and Energy 




ent 



Requirements 
of Different Fuels 
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Nearly all sources of energy require water for 
refining and/or conversion and consumption , 
Therefore, availability of water in an area must be 
considered when choosing the locations for energy 
extraction, and the techniques used to extract and 
use that energy, in water-short areas, the need for 



water for energy.extraction and processing must be 
balanced against other major water needs such as 
agriculture and municipal water supplies. For 

' cm uu, '^^ ^^''^ ^ conventional 

bUU-MWc electric generating plant is'cqual to that 

.i-Lciiyii^M^KipiikiiQiu 



Water Consumption in 
Energy Systems 



600 1 



Maximum 
I J Minimum 

Average 




El^'^' n'" Coal Coal OilShale Uran 

El*tr,c Electric Electric Gasification Liquefaction 

Source: Adapted from U, S, Geological Survey, 1974, 



6.7 

ium Oil Refining 



Fuel 
jtaPfficessing , 



Daily Water Usage 
Power Plants 
and Municipal Use 



Total Daily 

U.S. Consumption 

of Water for 1975 



C 



C 

0 



Crop 
Irrigation 




SoLCC Derived from data on other charts on this page. 



Source: Based on Hittmah. 1976. 
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Energy Pricesses 
and Water 

Estimates Will Vary J Water Requirements 

Precise estimate of water- use by various energy Of FOSSll FUGI 
systems depend upon jeveral major assumptions.. PfOC6S$6$ 



As can be seen from the accompanying tables, 
different 0fgQnizQtiQn9 Qt d i ffe rent time s us i n g 



different assumptions will produce different , 
estimates. Such problems make ' ": 
energy-environment decision making an art as well 
as a science. 



Thermoelectric 
Generation 

(Acre-feet per yjear) 



-f — 

U S.G.S. Circular No. 703 
Westwide Study 

Water (or Enetgy/Upper Colorado 
Water (or Energy/Upper Missouri 
U.S, Dept o( Interior 
Kaiporowits Dra(t EIS 
lis. Dept, o( Interior (Hybrid) 
San Juan Dra(t EIS IWet) 



Unit' 



((ossil) 13.450 
(nuclearl 21,500 
(lossill 15,000 
(nuclearl 25.000 
((ossil) 17650 
((ossil) 15.000 
((ossil) 16,i00 

((ossil) '4,«)0 
14,»00 



•Unit: 1000,MWe/100% Load 
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Oil Siiale Production 

(Acre-feet per year) 



U.S.G.S, Circular No, 703 

U.S. Dept. o( Interior 
DraltEIS 

Western States Water Council 

Water for Energy/Upper Colorado 
Brown, Kneese 



•One unit = 100,000 bbl/day 



Unif 



(low) 12,160 
(high) 20,1()0 
(low) 7,100 
(mid) 17,000 
(high) 21,200 
(W^7,600 
(high) 18,900 
17,400 
17,922 



Coal Gasification 

(Acre-feet per year) 



El Paso Gasification Plants (N, Mex ) 
El Paso Gasilication Plants (N. Dak.) 
Wesco Gasilication Plants 
U.S.G.S, Circular No.'703 

Water (or Energy/Upper Colorado 
Water for Energy/Upper Missouri 
NGPRP j 
Western States Water Council 
Brown, Kneese 



1 



•Onellnit = 250 x 10' scf/day 



Source: Roach, Undated . 
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Jnif 



11,381 
18,000 
8,226 
(lot) 10,000 
(high 45,000 
' 15.(00 
lO.DOO 

m 

10:22 
9,57 




Introduction 

This chapter focuses on the techniques, and their 
costs, for reducing air pollution from coal-burning 
systems. So?ne of the needed technologies are not 
yei available, especially'for industrial-scale 
■leniblJilloli byslyiiis. Sudi tdiiiuluyies, ini-luding 
ct)3l gasification and fluldized-bed combustion, are 
xurrciijly being developed,- E'Stimates^rVthat, 
between 1976 and 1985,this country wl'Spend 
more than $30 billion toicpntrol pollution from 
energy generating processes. 



Contents 



34 Environmental Problems/Controls 
36 Pollutjoa Control Technologiesy;. 
38, Low-Sulfur Coal ' 
4"0 Coal Cleaning 
- 42 S cr u bbers '■ ^ 



44 Costs of Alternative Control 

45 The Bottom Line 
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Environmental 
Problems / Controls 

' . ' l ' Ml 

Many Problems, 
Some Solutions ^ 

■ -4 

. All phases of ^nergy use —from extraction, to ^ . 
proce$sing and conversion, to power generation, to 

environmentaljmpacts that fcould'severely limit our 
ability to develop clomestic energy resources. These 
environmental problems can, to a greater or lesser . 
extent, be controlled; The table indicates some of ' 
the environmental problems associated with major 
phases of the development arid utilization of coal, 
oil and uranium resources, and the relevant 
environmental controls to address these problems. . 



Envirohmental Problems/ 
Coi^rol Technologies 




Extraction 



V— 

processing /Conversion 



Undilrground Mining 

Add winage - 
Solidwste,— 

Surfa(f Mining 

Runoff '^olijls 
Acid Drainagg 
Sediments ,h 
Air Particles - -i 
Solid Waste 



Petroleum : — 

OlIandGasWellif; 

Hydrocarbof) Air ~ 
Emissions . 

Liquid Wastes 
-Organics - — 



-Saline 



Materials » 
/ -RunoK Solids 

/ Uranium ^ 

' Surface Mining 

Radioactive 

Tailings 
Air Particles 
Radioactive 

Runoff 

M.Soiid Waste 
Sediments 



Conlofn/N^ulrafee 
-> IVell-Mflnogediond/jll 



Physical Coal Cleaning 

Air Particles — ^ ► 

Hiah'sulfur Solid Waste 

unoff Solids ■ — ► 

Acid Drainage *^ 



Dust C^ntTol 

RecouerSul/ur 

Confoin 

ContQin/Neutrolize 



Control/ Treqtent oj Runojj 
l-M§)foged Wine 



Gasification /Liquefaction I?) 

Runoff Solids Phys.-Chem, Trealmeni 



Resmtion ond fieuegetatrmr^ Organic Wastes 
"Toxins 
-Carcinogens 
Solid Waste — 
Waste Heat — 



Phys.-Cfiem./Biochem, 
Trealment 



pugitive/Accidenlal - 
Release of Toxins', 
Carcinogens > 



Cooli'ng/fieiise 
Design to Elmmle 



-►Tighter Control o/Fugiliue 
Emissions 



Biocliem./Phys.-Chem. 
Trealmenr 

— > Relnjecl Bnnes' 



Refining 

Hydrocarbon Air ~ 
Emissions 

Liquid Wastes 
-Orgai^ics — 
--Runoff Solids- 

Air Particles 



Tighter Emission' Control 



Biocherti. Jreotmnt 
Phys.'Chem.'Trealment 
Tighter Emlmn Control 



> Phys.'C^em.'TreQtmenf 



ConfQin All Radioactiue Wastes 
ContQin 'Treatment 0/ 
Non-RadfOactitj^ Waste 



Refining 

Fugitive Emissions 
of Radioactive 
Gases 

Radioactive Solid 
' Residues 



Conim/\llMmctiDe 
Emissions 

Long-term Storage of Radio- 
actm Waste 

Decorr]!7\is5mr\g oj'W^ 
Structures /Eqruipment 

if 



g j^(^Technologies not yet available, 



We: Adapted from U. S. EPA, 1977 e- "I f) J 



Generation 



Power Plantsi (Conventional) 

Sulfur Oxides — 



Nitrpgen Oxides^ 

Flyash andSmoke^- 
Particles 

Solid Waste (Ash)- 



Scrubbers, Fluidized-Bed. 

Cleon/CbnedCoall?) 

Scrubbers. Combiistion Modi/i' 
cation, F\ue(jQS TreQtmer]l 



^ Cyclones, Bag/iouses, Elec- 
trostatic Precipitators. 
Scrubbers 



I- Manoged Land/ill 



Industry 



Sulfur Oxides 




' CogK?), Scrubbers. ' " ^ 
H^-, CombusJionModf/fcatton 

^ EktrosiQik PreclpMors, 
■BagljOji^eSr Cj)clorj€S. 



Nitrogen Oxides - 
Flyash and Smojje 
Particles J^;, 

Scrobber^' 
Solid Waste (AshI ► Undjill 

Commercial/Residential ^ 



Sulfur Oxides 

Nitrogen- Oxides V 
Flyash and Air-— 

Particles 
Solid Waste (Ash) - 



■> Low-Sul/iirFuel 
Combustion ModijMm 



■^■Bedrostdtic Precipitators 



PoUutiori Control 
Technologies 

More Work to Be Done 

Some energy-related pollution control 

technologies, especially for large utility boilers, are 

now available. Others, either more efficient, more 

economical, or more broadly applicable to other 

pollutants or uses (e.g., industry), requite eH<enslv^e 

research and development, Some of the ke^ 

energy-related control technology issues 9re: * . . • * 

• Development jias concentrated oioi large ; 
units. Control technology development f^af 
removing sulfur and, to some extent, nitrogen 
compounds from combustion gases has been 
concentrated on very large applications such as * 
utility boilers. 

• Limjted applicability. The successful control 
technologies for large utility boilers are not 
always directly applicable for smaller size boilers. 

or furnaces used by industry. The adaptation of - 
control techniques for wide-scale application in 
industry may require 2 to 6 years or more * * . 
beyond their availability for use by utilities. 

• Availability low^sulfur coal. Low-sulfur 
coal or physically cleaned (desulfurlzed) coal is, 
usable in utility, industrial, or commercial 
applications,*but is currently in short>5upply 
(about 10-20% of potential requirJirnents). 

Developrnqm of major new mitiesapd ^ 

transportation faciKtiesand/^^^^^ ^ 

majornfe^V'foalrcleaning^ ' 
^ the avallabifity of low-sulfur coals. Thfe'wo'uldv ; ^'^"^^^'^v.:^' 

however, ireqbire several y^airs for copripleti -i'/^'^^-^y. 
^ and would ipvolve^sigmfjcant capital ' ■ ^ - „ . ' / 

investments. 
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Applicability 
and Statiis of t 
Pollution Control 
Technologies 



I 




PoHutants and 
i^oniioi iccnnoiuyy 


Pollutant 

nCdUCllOn 

Efficiency 




Time Frame of Applicabilitv 






Inrfiistrial 


Residential and . 
Commercial 


For SO, 










Flue Gas 


80-95 


Currerl (New aiifi existing 


Current for Large Scale 


Not Applicable 


Desulfurizalion 




plants) 


Installations Only-about 1980 




Physical Coal 


20-40 


Current (Limited ' 


Current (very limited 


Current (very limited 


Cleaning 




availability) 


availability) ' 


availability) 


Chemical Coal 


10-60 


Post-198() 


Po5tl98fl 


Post.1980 (Limited 


Cleaning 








applicability) 


Use of Low-SuKur 


1230 


Current (Limited . 


Cunent (Limited 


Current (Limited 


Coal 




availability) 


availability) 


availability/applicability) 


Flutdized Bed Combustion 


80-90 


Post- 1980 


Cun-ent (Or very 


Not Fully Evaluated 


(wilh chemical sorbeni) 




ft 1 1. ! 1 k \i 1 1 \ 

(Widely Applicable) 


near«tp) 




)al Gasification 










LowBTU 


90-95 


Po5t-1980(MorG 


I, 

Applicable Oi^^ to 


Not Applicable 






applicable to new units) 


Largest Units 


J: 


HighBTU ■ 


90-95 


Post-1980 (New and 


Post- 1980 (Widely 


Post-1980 (Widely 




existing units) (high costs) 


applicable) (high costs) 


%pplicabW;(ji'iglico?ls) 


Coal Liquefaction 


on 

IU-7d 


PoQt IQR"^ iKow anH 


Post- 1985 (Drobablv 


Under E^^aluation 






existing unit^j 


applicable to larger units only 




rtiruiciiiii lytbuiiuniuiiui' 




Current [Fully applicable) 


Current (Fully applicable) 


Current (Fully applicable] 












Combu^lion 


20-80 


Current (Applicable to 


Cuncnt-u/idely applicable 


Partially Applicable 


Modification 




certain types ot units only) 


for larger units 


(Under eval|^tion) 


Flue Gas.Denitrification 


60-95 


Post; 1985 


Post- 1985 


KI 1 A l< LI 

Not Applicable 


Petroleum Denitrification 


80-90 


Cunent 


Current-widely applicable 


Current-widely 








(or all size of units 


1' Ll< 

applicable 


For PdJliakie Matter 










Inertial Devices (Cyclones) 


98 


Cuuent (Widely applicable) 


Current for Larger Installations 


Not Required ' 


ElectrostalicPrecipilaiors 


>')9 


Current (Widely applicable) 


Current (or Larger Installations 


Not Required 


Scrubbers 


80-98 


Current ■ 


Current 


Not Required 



feiirm U S EPA, 1977i, Ponder, 1976a; Shimizu, ^175. 
J) 



Low Sulfur Coal 

A Naturally 
Cleaner Fuel . 

Use of low-sulfur cpal is ojrfe apprpach to controlling 
the sulfur emissionsfromcpal-fired power plants. 
Most of the low sulmrcoal reserves are in the west, 
while most of the* ^^iim-electric power generation 
(which will buriTQO^^isijftthe e midwest. 

arstendgpfc'm^ean that a 



To u gher e n viro^ i 



Smaller porti 
standards wit 
low-sulfur we^te 
content. Thist 
costs compared 
consumer ip the e 



^Cpals will meet 

^jfxc^ls. Many of the 

li^iei'^]ow in heat 
^ irhiQfter transportation • 
j)|cfn coals. Again\ ^e coal^.r 

^, - r — ^Wnni^dwes|tmust^alSnce t 

economics pf ^e^al ajfteriiaWe (or cc|r^bine,4) . , ^,^v" 
methods ot^S^lnq alr'pdlli^^lon standards. • 
major use ofwcstern c<^als may well in the jnlirte-^ ' 
site generation of power or prpduction-of synthetic 
fuels for transportation to user areas. * 
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Low Sulfur Coal Reserves Vs. 
Steam Electric Power Generation 




Coal Cleaning 

A Partial 

Near-term Afisiwer 

Established methods of crushing and washing/ 
separating (physically cleaning) coal can rennove a 
significant amount of sulfur at the mine. The 
''cleanability" of a coal depends upon its 
composition, which varies markedly from one 
geographic location to another Some coals can be 
cleaned sufficiently to meet current SO2 emission 
standards. When more stringent standards are 
promulgated, other control methods will be 
required in addition to, or instead of , coal cleaning. 

In interpreting the opposite ch^rt, the reader should 
^note that the quantities of reserve in various regions 
are given in tei:ms of weight, not energy content. 
This latter yneasure varies greatly from one location 
to'afvp»ther. Also, one should note that the 
perpei^qe cleariability estimates are based on a 
limited p<;jtjrib^ of sa,mples, and serve only as 
gross'indic^rs of cleanability in the large regions 
sho^vri, . 1;'^ y ^ 
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Coal Deposits and 
Physical Cleaning 




Potential New Stdndards 

Fitjuft's on abiK' to mM EPA SQ2 stdndiirds r(.'f(?r t[) currePt new source (^mission stdndard oil 2 lb SOg p^r million BTU 
A stringent n^w st^mdard is curTt»ntlvbt>inij considered by EPA II promulgated, the neo' standard would, in effect, 
reduce the percenlflLj^ of "(is mined" or "pfiysic^iiy clcanable" coal capable of meeting the slandard 

Notes: 

(ll Quantities ol reserves in each region (given in tons) are not proportional to energy content For example, much of the vast reserves in the western region 

consists ol types ol coal with low fieai content 
{21 In this chart. 50% of deep coal is considered "recoverable reserve" in the "deep mined" categorv, and 85% of shallow coal 1$ considered recoverable in the 

"surface mined" category 

[31 Results reported above lor ability' to meet SOj^ standards on an "as mined" basis or "physically deanable" basis reflect percentages reported for 455 samples 
from all regions Because the cleanability and sulfur content of coal vanes greatly within very localized areas, many more samples would be required to give 
precise estirriates of the coal cleanability within each region. Percentage estimates given above refer to technical capabilities, and do not necessarily reflect 
economic conditions 
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Weitern Re9lon 

Recoverable Coal Reserves (billion tons) 141 
Meets EPA SO2 Standards as Mined.... 70% 
Physically Cleanable to Meet 
EPA SO2 Standard! (see note 3),. 94-98% 

Western Mldwett Region 

Recoverable Coal Reserves (billion tons) ..11 

Meets EPA SO2 Standards as Mined 3% 

Physically Cleanable to Meet 
EPA SO2 Standards .<6% 

Eastern Midwest Region 

Recoverable Coal Reseives (billion tons) ... 51 

Meets EPA SOgStandjrds as Mined 1% 

Physically Cleanable to Meet 
EPA S02Standa(ys .v,',., 2-4% 

Northern AppaUchlan Region 

Recoverable Coal Reserves (billfon tons) , . . 36 
MeetsEPA SO^Sjaiidards as Mined. , , 4% 
Physically Cleanable Meet 
EPA SO2 Standard ..l2^31% 

Southern Appalachian Region 

Recoverable Coal Reserves (billion tons) , , , 20 
Meets SO2 Standards as Mined .... 35 % 
Physically Cleanable to Meet 
EPA SO2 Standards 50-63 % 



Alabama Region 

Recoverable Coal Reserves Ibil 
MeetsEPA SO2 Standards as Mined, 30% 
Physically Cleanable to Meet 
EPA SO2 Standards <40% 



Summary of U. S. Coals 

Recoverable Coal Reserves (billion tons) . . 260 
MeetsEPA SO2 Standards as Mined. ... 14% 
Physically Cleanable to Meet 
EPA SO2 Standards .,,.,24-32 % 



Sources; 

Hall, (undated) (Recoverable reserve data). 
Cavallaro. 1976 (Cleanability date). 
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Scrubbers 



If 



Removing Sulfur 
After Combustion 

The most promising sulfur-control technology to 
date has been a flue gas desulfurization (FGD) 
'scrubbing' technique for which nearly $4 billion has 
been committed by industry. The combined 
electrical power output represented by this 
investment is 40,000 megawatts or 10% of this 
nation's generating capacity. 
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Costs Associated with 
Various FGD Systems 
to a 500 MW Plant 



lime 



double alkali 



magnesium 



energy 
penalty 
% of plant 
output 



capital 

costs' 

$/kw 



87 



3-5% 



101 



7-8% 



wdlman-lord 



Source; U.S. EPA, 1977 h. 
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added 
operating 

costs, 
mlls/kwh 



4.7 







limestone 




97 








34% 

r ■ 







4.2 
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Cost! of Alternative 





Id Search of the 
OptimuAi Nix 

There ara,ja ournfter of alternatives a v^lable for ' 
cleaning up sulfur dioxide, nitrogen oxides, and 
particulatfe/matter resulting frdmjossil fuel burning. 
When Incremental control costs alone are 
examined, there are wide ranges in capital, 
operating, and annualized tosts for different , ■ 
technoti^ies. Physical coal cleaning, for example, 
may be lesfilhan one-sixth as costly as flue gas 
cleaning,'in terms of capital equipment, for ' 
removing a limited amount of sulfur, Unfortunately, 
coal cleaning is only partially effective in removing 
the sulfur and is not at all useful with some types of 
coal. Technology developments during the next . 
five years in any one of these areas will significantly 
affect cost estimates. 
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Pollution Control Costs 

Control technologv, Capital Total as Percentages of 

Pollutant(s) Controlled, Equipment Operating Annualized CapitaF Equipment Investment 
and Removal Efficiency (^) $/KW *mills/kWh mills/kWh % 



For SOj Control 

Flue Gas Desulfurjzation (-§5%) 
Physical Coal Cleaning (20-40%) 
Chenfitcal Coal Cleaning (50%l 
Use o(Low-SulfurCoal(l?:W^^! 

Fulidized'Bcd Combustion (>85%l 
Coal Gasification (^95%) 
Coal Liquefaction (-^80%! , 

For NOj^ Control ^" 
Combustion Modification (20-60%) 
Flue Gas Denitrification (^75%) 

For Particulate Matter Control 

Inertial Devices ^ 

Electrostatic Precipitators (>98%) 
' Fabric Filters ()99%! 

Wet Scrubbers (80-98^1 



' Costs based on'installation in nea- units; 1977 dollars 

^ Costs based on 1975 dollars 

' ' Running total plant costs of $450 million (1000 MWe) 



60-85' 2.1-3,6 ;f,4-54 ^ 13-19 . 

9-22 0.15-1.20 1.5-2,0 , 2-4 

Technology in early sitages of devclopnnent 

Depends on^ Function of coal prices 0 
type of coal ■ ^ 

(Inherent in 'boiler cost) 

75-125 • N/A N/A ' ■ 17-28 

60-90 N./'A N./A 13-20 



0,50? 0.01-0 35 



01-2 



(Expected to be equivalent to SO Flue Gas Desuifurization) 





(Used in conjunction willi ;( 


la'hniques listed below) 


30 90 


0 04-0 07 ■ 0 9-2 8 


' 7--20 


38-48 


OOHO lB-2 5 


8-10 


49 


~04 -v2,() 


. 11 



Sources: Ponder, 1976^, Shimizu. 1975; Ponder, 1976b 
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Total Costs fQl Gontf^^^^ 
otEnergy-Rcited '^\\\\ons of WJS^cJlars Except as Noted) 
Polliftion • ^ — — ^ 

Significant outfeys \^il1 be required over tlje next 
decade for energy-related fiollution controls, Even 
witti such expenditures, however, it will be difficult 
tcmcct ail health-based at quality standards in all 
areas. - " 



4, 



k 

Industry Segment 


P^od 
Covered 


Capital 
Investment 


Total 
Annualized 
CapitllCoft 


Total 
Operflitlng and ^ 
Maintenance Cost 


■■■'I" 

%?oMm 


% r 




%.J||' 


■ k 


Coal Cleaning! 


1976-85 


14 


; m ■ 


14 


CoalGasiflcationi 


1976-85 


120 


68,, 




Natural Gas Processing^ 


1976-85 ^ 




■ 180 




Petroleum Refining^ 


1974-83 


" 3,277 


799 (In 1983)1 


Steam Electric Power Plant-^ , 


■ 1975-85 


. §20,000 


N/A 


2,700 ■ 










(in 1985) 












Petroleum Refining' 


1974-83 


2,666 


1,064 


(in 1983)4 


Steam Electric Power Plant^ 


1975-85 


5,000 


N/A . 


500 



1985f 



iSource: U.S. EPA, I977d. ■ 1 ^. 

^Source: U.S. EPA, 1976c.(Amounts shown are in 1974 dollarsand exclude $330 million capital investment fOr fadlities to provide 
' encl^y to operate EPA installations ) • ■ • ' ^ 

'^Source: U.S.. EPA, 1976d, 

'iCombined, total annualized capital costs and total operating and maintenance costs. 




jrtttoductlon 



Contents 




yh^ he^iith and olof cMects of energydafed 48 . . Health and Environmental Effects 

. pdWtuang^'wmth^ta ' 54 Sulfates in Air 

joAeby(ibroni'^^i(posuiS|J|^^th^' ; r;, 56 Accidents and Non-nuclear Energy 

t/^^^di^scaus^^^ndergr<^^Macci(fent5> ' f/l CO^ from Fossil Fuel 

the mfst perv^ive'SB|Pver, are ^ ■ 
' tM stilhheoretical changes in^iprnate which " 
r/'^^ caiised '^V the C02jrotTi all fossil fuel/ 



4^: 



\ 



V 



1 





Health and 
Environmentai Eff 

Sulfur Oxides 

and Nitrogen' Oxides /' 

Energy-related pollutants must be controlled ' . • 

because of the damages they do to human health 
and the productive environment. EPA standards 
for air and water quality arc based upon ^ 
measurements of these damages. 

Above certain exposure limits, energy-related air 
pollutants such as sulfur oxides and nitrogen oxides 
nrtay aggravate emphysema and cause other forms 
of lung damaga. These pttUutants can also discolor ^ 
and retard ibe ^owth df v^etation and crops. 

Nitrogen oxides and their reaction produel^ can be 
absorbed or precipitated out of the air Bnd into 
water subplies. As either an airbr water pollutant, 
nitroge*n:ompounds can^ause serious illness and 
drarndtic changes in vege^tation. 

./'.■■"•','■• ■■- . / 
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to 'pf lEnergy Pollut4nts-SPx and NO: 



llutant 



Health Effects 



Effects on Vegetation 



Effectif bn Aquatic and 
Tenestrlal Organlsmii 



Air Standards 



Water Standards 



Sulfur Oxides 
SOx 




Nitrogen Oxides 



S02^SO^-^H2Sb4, The 
heart and lungs are the ma- 
jor target organs for SO^. 
The presence of S0)( in- 
acas€s bronchio constrieljjij^ 
hence aggravating ajjlhma 
land emphysema and de- 
creasing lung ventilation. 



NQ -^NO^ by photochemi- 
cal oxidation,,. NO2 is four 
times as toxic as NO, At 
high levels NO2 causes pul- 
monary edema and death 
while at low levels the effects 
include ernplfysema poly- 
cythemia, leu.cocyt* and 
S€r]Stivitv to jnlection.- In ad- 
dition !o lung damage, liver 
kidney and heart damage 
m^yf^c^Jr. Eye and 
irritation' mayi^ oc 
NOj^ exposure Torrel 
with lung cancer indu 
to^-.and NO2' inV 
may cause metherr^ogtobi- 
nernia'and death. N02" njay 
cause' cancer. 




Sulfur oxides are highly tox- ; 
ic to vegetation; effects ir^^' 
elude: interveinal necroses, 
yellowing of broadleaf spe- 
cies and reddish discolora- 
tion of conifer needles, Acid 
rains may also damage veg- ^ 
etatlon or alter soil condi; 
lions. ;,' -I 

L 

Adverse effects on planS 
• (romj^2 if^clude: defolia- 
tion, chlorosis, irregular ne- 
crotic spots, tip and margin 
burn, high leaf gloss, inhibi- 
tion of photosynthesis and 
growth retardation. Middle 
age, rapidlj^^ growing leavci 
are most Sensitive. Nitri 
because It is an i ' 
nutrient* is considere 
set ift irrigation water 



Aquatic communities iii 
affected by increasing acid 
conditions due to acid rains. 
^ Animals are sensitive to high 
S0)( concentrations. 




*TLV = Threshold Limit Value; The concentratipn of ( 



NitrateU water are rapidly re- 
moved by\quatic plants an(i 
may result Veutrophication, 
Nitrogen (nitrate or ammonia) 
should not exceed 0.3 mg/l 
in lakes orlOrtigj*!- iri free- 
flowing streams to .prevent 
algal blooms. 'Nitrate ion, a 
minor component,; is toxic to 
,^Kiuatic organlsnrts but they 
ve,ry resistant to nitrate, 
ivestock. poisoning may oc- ' 
CUT, frofn nitrite ingestion. It, 
iiS'. ifecommendeithat ihe ^j. 
>^<^: plus nitriMttrogen M. 
.exceed IQMm and that 
^2 l^Jm 'r\o\ exceed 10 
ppm. 



TLV lor SO2 is 5.0 ppm, 
Federal Primary Amfclent 
Air Standards lor SO2 are: 
'365 ;jg/m3 (0.14 ppm) • 
24 hr, standard; 80 jug m^ 
(0,03 ppm) annual standard. 
The secondary standard Is 
1300/ig/m3 (0.5 ppm). 



TLV for NO is 25 ppm. 
TLV for NO2 is 5.0 ppm. 
TLV for HNO3 is 2.1 ppm. 
Odor perception at 0.12 
ppm, 

Federal Primary Ambient Air ' 
Standard is 100 ;jg/m3 (0.05 
ppm) as an annual arithme- 
tic mean. > 
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National Interim Primary 
Drinking Water Standard for 
nitrate as nitrogen Is 10 mg/ 

ml. ' 

It has also beearecommend- 
^ed (hat Nitrate-Nitrogen in 
drinking water, not exceed 

l.Pmmg/l, 
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SourSfiitre Corp.. 1976 




a substance to which a wolker^aii be exposed 8 lAuj per d^^or 40 hours per weel( without significant health effects or discomfcr! 







,omb>ustion is a major source of particles 
^ combustion produces carbon*""^^'r^^' 
substance, along with water, isXhe 
efficient fossil fuel combustion 

PartiPTcs" suspended in air can diminisb visibility , 
caus^ substantial lung damage when Fnhaled, and 
' can r^tairtd plant growth . Carbon dioxide in h^a|[i 
concentrations can be harmful. The major cont< 
wilh y^02 , however, is that excessive 
corve^entrations" in the atmosphere may have a 
serious impact on the global climate. 
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Effects of Energy Pollutants-Particles, CO and 




Pollutant 

Particulate 
Matter 



Health Effects 

Partides 0^ to B.O/i in dia/ 
meter are most likely 
cause disease. Chronic symp- 
toms due to lung scarring in- 
clude: difficulty breathing, 
chest pain, cough, decreas- 
ed vital capacity and heart 
disease 




CO reacts with hemoglobin 
to form carboxyhemoglobin. 
May'result in brain damage 
due to oxygen deprivation, 
Symptoms oK^postire in- 
clude: hea/ache, dizziness, 
nau^a. vomiting, systemic 
pain, cherry red skin color, 
and fatigue. 



Carbon Dioxide 
CO, . 



CO2 is "not ojdii|arily con- 
sidered a toxic gas. At high 
.cdricenlrations it stimulates 
resfiiralion and breathing be 
comes labored. 'tt forms car 
boxyWmoglobin and de 
. , '^^Vi^' pilves the brain of oxygen 
* Symptoms of exposure in- 
clude: headache, dizziness, 
. tinnitus, difficulty breathing, 
muscle tremor, .fatigue, and 
unconsciousness* 



Effects on Vegetation 



Excessive dusting can clog 
thestomates of plant leaves, 
preventing air and water ex- 
change. 



Plants are insensitive to^CCj' 
levels known lo affect man, 
' A|^t high concen^trationfe the 
following symptoms are ob- 
served; leaf curling, increas- 
ed aging, reduced ^gravity 
response, reduced leaf size, 
and feminization, 



plants require C02 lor pho- 
tosynthesis. High CO2 con- 
centrations may increa^ the 
^ Acidity of rain, second^nlj^ 
affecting yeg^tion, ^ 



Effect! on Aquatic tnd 
"TenfeittlalOrgdni»ni« 




AlfStandsrdi 



Water Standardi 



Suspended solids h^m a- 
quatlc biota by reduj^ng tight 
penetration. suffocatii^9 bol- 
tom dwellers, physic^^l abra- 
sion and habitat destruction. , 
This is especially sefio^s in 
nursery or, spawning site, 
following ievels of sus-' 
u pended solids are fficom- 
mended; <25 mg/l (high 
protection); ^6^80; mg/l 
(hioderate); 81-40 mg/l 
(low); oyer 400 mg^' M 
low protection). " 

In water CO-^CO^ See 
■next section for. etfed$'». 



/ 



TLV* for nuisance particu- 
lales is 10 mg/m^ total par- 
ticulates. 

Primary National Ambient" 
Air, Qu^ality Standard for 
Suspended Particulates is 
75/j$/m3 (annual), and 260 
Mq/^^ (24tif),.Thes€CO0d. 
&ry standard is 60>ug/m3 . 
(annual) and 150/ig/m3 (24 

hr,)'. 



TLV = 50 ppm^ National 
Primary Ambient Air Stand- 
ard is: 10000 /ig/m3 for a 
yearly average 40000^g/ 
ni3fora24 hr average. 



ConcenVatioqj^t free CP2 
rajely^eed.20pptti|n(^i|;,.. 
fifce, waters. Fish ca'i:9i;w'' 
mqle to concentrations as 
'higli^ 60'pp^n#^tr^ 
lo aypiljj even rfim^in- 
creases in CO2. 



TLV- 5000 ppjTi. 




TLV = .Threshold Limit Value. The concentration of a 



••V 



Source: Mitre Cotp|4976, 
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Health and 

Enviyonment al Effects 

Hydrogen Sulfide 
and Radiation 

Son|e geothermal energy activities release a 
^ significant amount of hydrogen sulfide. Hydrogen 
sulfide can be highly toxic to humans and other 
animals. Few ofganisms can exist where it is present 
in water In air, its presence can be recognized by 
the odor of rotten eggs. 

. Although nuclear-powered electricity generatipn is 
carefuUy controlled, it is possible that radioactK/e 
materials can be emitted to the environment. For 
instance,, the waste or^ from which uranium has 
been niilled must be well stabilized to assure that the 
renialning radioactive materials do not enter the 
biosphere . The same is true of the used fuel and 
other wastes from nuclearpower plants, which 
must be carefully stored artd guarded against 
potential sabotage. Exposure to nuclear radiation 
can cause cancer and .a reduced life expectancy. 
Wild plants and animals also are affected and can 
absorb rfnd accumulate such radioactive substances 
to hazardous concentrations. ^ 



52 ^ 
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Effects of Energy Pollutants 



Pollutant 



Health Effects 



Effects on Vegetation 




Jl' Hydrogen 
Sulfide 
HoS 



Urani 



iium 



H2S is^highly toxic. It 1^ a 
pulmonary irritant but its 
major effect is paralysis of 
the nerves governing respira- 
tion leading lo asphyxiation. 
Low level exposure may re- 
sult in: fatigue, metallic taste, 
nausea, vomiting, diarrhea. ^ 
pulmonary edema, eye irri- 
tation and dizziness. Chron- 
ic exposure can cause kid- 
ney, liver and/or brain dam- 
age, 



At low concentrations little 
effect, At20to40ppm tan 
or while markings may ap- 
pear on young, growing 
leaves, 



Exposure to the radiation 
from uranium can result in 
induction of leukemia, in- 
duction of neoplasms espe- 
cially lung cancer, cataracts, 
reduced life expectancy, 
genetic effects, sterility and 
suppression of immune re- 
sponses. Uranium especially 
accumulates in and affects 
lungs, bones, kidneys and 
liver. 



Radiation affects plants in 
the following order of sever- 
ity: tall plants (most severe), 
shrubs, hedges, mosses and 
lichens (least severe). Fields 
are generally more resistant 
lo radiation ellecis than 
complex forest eco$ystem$. 



Aquatic organisms often 
concentrate radioactive ele- 
menls. In general the fol- 
lowing order of sensitivity lo 
radiation exists; Jarge herbi- 
vorous mammals > small 
mammals and birds > herbi- 
vorous insects )^ filter feed- 
ing aquatic invertebrates > Standards also exist for 230[J, 



Ffir occupational exposure • For 'occupational exposure: 
natural = 7 x 10"^ (j natural z 5 x 10-* ^ct 



/ic/ml. 

For nonoccupational expo- 
sure: U natural 3 x 10-12 

/iC/l/ 



ml. 

For nonoccupational expo- 
sure; U natural = 2 x ip-5 

;jc/ml. 



unicellular animals and 
plants, 



232[J^ 233U 234[J,235[J^236U, 
238Uand 240U. ' 




•TLV = Threshold Limit Value. The concentration of a substance to which a worker can be exposed 8 hours a day or 40 hours per week without significant health effects or discomfort. 
Source: Mitre Corp,, 1976, 
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Sulfates 

— — ;, — I 

A Serious 
Health Problem 

The complex relationship between^sulfur dioxide 
^missions and sulfatwin the atmosphere is 
currently under intensive study. The rate at which 
SO^ from power plaftt stacks is converted into 
sulfates in the air is affected by the presence of other 
air pollutants such as nitrogen oxides, 
'hydrocarbons, and adsorbent particles and by 
. weather conditions. It is known that sulfur oxide 
.emissions from fossjl fuel combustion can travel 
long distances, being converted to sulfates in the 
process and possibly exposing populations and 
ecosystems a hundred or more kilometers from the 
original source, As a result, several areas of high 
population are exposed to significant 
sulfate concentrations. 



Mechanisms that Convert 
Sulfur Dioxide to Sulfates or 
Sulfuric Acid Aerosols 



Mechanism 



Factors on which sulfate 
formation depends 



Direct photo-oxidation* 


■ 

Sunlight intensity 


Indirect photo-oxidation 


Organic oxidatit conccntra- 




' ' tion, OH, NOj^ 


Air oxidation in 


Ammonia concentration 


liquid droplets 




Catalyzed oxidation in 


Concentration of heavy 


liquid droplets 


metal (Fe. Mnjjons 


Catalyzed oxidation 


Carbon particle concentra- 


on dry particles 


tion (surface area) 



Health Effects of Aerosol 
Acid Sulfates 

Threshold 





concen- 




• 


tration 


Duration of 


Effect 




exposure 


Increased daily mortality 


25- 


24 hours or 


(four studies) 




longer 


Aggravation of heart and 


25 


24 hours or 


lung disease in elderly 




longer 


(two studies) 






Aggravation of asthma 


6-10 


24 hours or 


(iour studies) 




longer 


Increased acute respiratory 


\I3 


Several years 


diseases in phildren 






(lour studies)^ 




* 


Increased risk of chronic bronchitis 






Cigarette smokers 


15 


Up to.lO years 


Nonsmokers 


10 


Up to 10 years 


Source: CEQ. 1975, 
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Sulfate Pollution • 

Concentrations, 1974 




Micrograms/Cubic Meter 




Above 15 10-14 1-9 Below 1 



Sourc^: Adapted from Teknekron, 1977. 
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Accidents and 
Non-nuclear Energ y ^ 

Underground Mining 
Leads in Hazards 




Ndn-nuclcar energy sources are prone to various 
types of accidents resulting in injuries and deaths. 
The facing charts,' while they do not include 
, long-term health impacts (e.g. , black lung disease) , 
clearly indicate that underground coal mining is the 
most hazardous method of extracting fuels for . 



Coal Mining 
Accident Rate$ 




energy, Much eastern coal is extracted from 
underground mines, \ 

S«\^ral estimates have been made of the 
probabilities of, and potential damage frorji, nuclear 

energy operations, Thes6 estimates vary widely,, ' 

They are not presented here becaujd of the ~ ^ 

complexitlesof |he assumptions Involved and the M e ^T"? 

difficulty in prestntingthe data in aconsistent and ^!^t7TT ' 
comparable manner. ' ' Om 11 industry Av^age 

I'^li member companies 
of National Safety Council) ' 



DliabllnglQ^es/ 
Million Imploj^llouk 



' 10.0 



9.8 



Annual Deaths and Injuries by Energy 
Source for a 1000 Megawatt Power Plc>nt 
with a Load Factor of 0.75 

(Per Unit Energy) 



Types of Ci)al ; 
Mining Accidents 

I .^.^j 



HJI..A"/ 



0' 



AccMe^t 



t 



Percentage (X) 



Coal 



Crude Oil 



• ». 
Deep Surface 



Onshore Offshore Import 



Natural Gas 
Total 



'Fatalities 
Injuries ' 



4,00 
112.30 



2,64 
41,20 



0,35. 
32.30 



0,35 
J2.30 



0.06 
5,70 



0.02 
18,30 



Underground [t9tal) go 

Roof, rib, ind face falls ' ' 50 

Fires and eKplosions > 10.12 
Transportation (coal hablagel 

Surfke (iolal) ' , 20- 

^ (Fall of higliwall, equlpirent misopera- ' 
lion, electrical system malfunctionsi 



LN6 Risk Analysis-Fatalities per Million Ypars 



Oil Industry 
Accident Data 



7 



Lot Angeles 



Oxnard 



Pt, Conception 



Accidents/ 
year 



yiodel 



Fatalltlis/ Ii4urie«/ 
year year 



Marir.^ 'Terminal . Marine Terminal ' M«|fle Terminal 



Federal Power CoiTKrission 
Science Applications, Inc. 
El Paso Alaska Gompany 



01' 



100 
• ■ 01 



1 

0.01 



0.1 



10 

),O01 
),01 



0.1 



Shipping 
Blow-outs 
Offshore rigj 
Pipelines 
^fineries 



11 

5 " 
135 



■76 

I 

6 
I 

3 



/37. 



1 

5915 
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'Unknown 

Source: U, S, EPA, 197, 
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CO2 from Fossil Fuels 



APo.tenti(d 
Global Impact 

One of (he by-products of most energy use on 
earth -'from coal combustion In power plants to 
food digestion by humans-is carbon dioxide gas. 
^ . Since the indgsfrl<|l revolution, increasing use of . 
fossil fuels has emitted increasing amounts of 
carbon dioxide (CO2) into the atmosphere. 
* 

Some tnonitoring studies indicate a gradual global 
increase in the CO2 concentration . Extensive 
research efforts are beginning to determine what 

■ effect such an increaserould have on the ' 
environment. Some theories predict that this 
increase in CO2 concentration in the* atmosphere 
may serve to trap heat and cause a'potentially . 
disastrpuslncrease in global temperatures -the • 

' 'greenhouse effect/ This theory and others are 
currently under study. ^ * 



Atmospheric 
Concentration of 
Carbon Dioxide 
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Source: U S Congress. 1976 
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Regional 
Issues 



Introduction 

V 

Each geographic region has its own particular 
energy-related environmental concern. Some 
major regional concerns are : mining land ■ ^ 
disturbance in eastern and western coal areas, 
water requirements for energy development in the 
west, acid rainfall in the east and oil spills in coastal 
areas. 
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Coal and the Land 



Differences Between • Land Disturbed per 

^t^'w'West Million Tons of 

"Surface (5oal Mined' 



In order to sttip mine coal, the dirt above the coal 
seam (overburden) must be removed. This 
"disturbance causes erosion and acid drainage in 
the water-plentiful eastern areas and revegetation 
■difficulties in the water-poor western areas. 

Eastern coal fields, in general, have thinner seams 
and are located on greater average slopes than are 
western fields. These factors result in greater 
surface disturbance pej ton of surface-mined 

eastern coal. Western areas, with thicker seams and ■ Numbers based on 1750 tons per acre-ft 
gentler slopes, show less surface disturbance per 
ton of coal mined. 
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Source: U.S. ERDA, 1977. 
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The Thirsty West 



Large Demand 
Versus a 
Limited Supply 

During periods'of low water flow, energy will 
compete with food production and other uses for 
scarce water supplies. The chart opposite is an 
estimate of water resources potentially available for 
energy development in the upper Colorado River 
Basin. The graph depicts one possible future 
allocation of^hese resources to competing uses. 
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Water Available for 
Future Development 
in Upper Colorado 
River Basin 
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' Legally allocated water (compact share) 




Percentage 
of Estimated 
Future Water 
Reserves 




Note: Chart does not indicate water resources already committed. 
Source: Roach, undated. 



Coal Sluiry Pipelines 

One-way Water Routes 

Coal slurry oipelines are being considered as afr ^ 
alternative \p coal shipment by railroad in many ^ 
lo(/ationsJrhese pipelines would extend from the 
oOal s)?^frce and terminate at user locations. The 
toi^Vould be pulverized, mixed with water, and 
^en pumped through the pipelines. "The water 
supply at the slurry's source locations is c5l[ primary 
importance. Coal slurry transport requires 
approximately one ton of water to transport one 
ton of coal. AppMiximately one acre-foot of water is 
required to transport 1400 tons of coal. 
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Coal Slurry Pipeline 
Water Requirements 




Legend; 

„ Existiny 

Planned 



\ 

:E I\JC '"'^'■s 'i^'I'cale annual water reguircments in acre It /yr. 
/"'5oRf''Mdapted'froiiiWa(p, 1975. ' 
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Western Coal 

Choice of ite ~~ 

pctermines Pollutant 
Impact 
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For increasing western coal production, different 

alternatives such as shipping the coal to the 
■ midwest, mine-mouth power plants, and coal 
^conversiorv will each have different environmental 

problems, Among the considerations to be weighed 

are the,: 



Environmental Problems Across 
Alternative Fuel Cycles^ 



• pollutants produced 

• solid wastes generated 

• land disturbances and reclarmtion requirements 

• water requirements 

• secondary impact-mining towns, roadways, 
water and waste treatment/disposal 
requirements, etc. 
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Montana gasification 
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Land use, In 
thousands 
of acres'- 
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Water required, 
In millions of 
gallons/day 



Occupational 
health, in 
thousands of 
man-days lost/ 
year 
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N A Not available. 

* Tolj|s may not add because of rounding. 

The solid wastes associated with rail haul result from coal dust blown off the rail cars. 

? Includes all the land in the transmission nght-of-way; only a portion of the righl-ol-way land for the slurry pipeline because the land may be used for other purposes when the pipeline is buried; and 
the portion^of railroad right-of-way equal to the portion of the total railroad capacity that would be taken up by coal trains. 

Source: Adapted from f?adian Corporation. 1975. 
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Alternative Uses 
of Western Coal 

Environmental 
Scenarios for 
Electricity, Syntiietic 
Fuels 



In addition to environmental impacts resulting from 
western and midivestern energy extraction and 
processing, the end use of the products will result in 
additional problems, Different end-use scenarios 
indicate the potential nationwide impacts of various 
alternatives, 



Alternative Energy Systems 
in the West and Midwest 
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Air emissions (pounds/hours) 
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Liquid fuels 

Surface oil shale mine (Colorado) 

Retort (mine mouth) 

Crude pipeline to Chicago 

Refine (Chicago) 
Total for scenario 

Surface coal mine (Montana) 

Liquefaclion (mine mouth) 

Crude pipeline to Chicago 

Refine (Chicago) . 
Total for scenario 
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Crude Pipeline to Chicago 

Refine (Chicago) 
' Total for scenario 
. Surface coal mine (IllinoSli 

Rail to Chicago 

Liquefaction (Chicago) 

Refine (Chicago) . 
'Total for scenario 
Gas ' 

' Surface coal mine (Montana) 

High BTt) gasification (mine mouth) 
' Gas pipeline to Chicago 
Total for scenario 
Surface coal mine (Illinois) 
'High BTU gasification (mine mouth) 
Gas Pipeline to Chicago 
. TotaHor scenario- . 
Gas w/ell (Gulf coas*t] 
Gas pipeline to Chicago 
. ' Total for scenario 
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' On Ihe basis o( a 10" BTU per day output from the trajectory. 
Source: Adapted from Radian Corp., 1975, 
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Acid Rainfall 



A Problem in the East 

Burning of fossil fuels ha^ increased the 
concentration of sulfur dioxideand sulfates in the 
atraosphere. These pollutants contribute to the 
acidity of rainfall that degrades<i?ealth and wat^r 
quality, affects specific life forms and damages 
property. Studies are currently being conducted on 
the atmospheric effects of relatively long-range 
movement of pollutant emissions from the midwest 
and Great Lakes region to the northeast or into 
Canada. Acid rains harm crops, fish, and timber, 
^and also damage building materials, outside stone 
and concrete work, and some metallic equipment. 



Regional impact 
of Acid Rainfall 



San Francisco 



□ pH greater than 5.5 ^ngel, 

□ pH be^een 5.0 and 5.3^' 
Q pl-I between 4.0 and 5.0 
i pH less than 4,0 

Source: Adapted from 
U. S, Congress, 1977. 
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Fish Population Declines 
as the Acidity of 
Lake Water Increases 



% of lakes 
100 



Nofisli 

Sparse population 
Good population 




<4.5 4.5-4.7 4.7-5.0 5.0-5.5 5.5-^.0 >6.0 

pH of lake water 

Note: Status of fisli in 1.679 lakes in (our counties 
in southwestern Norway. 
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Acidity of Precipitation has 

Increased Markedly in the Eastern U. S. . . . 

Average pH of Annual Precipitation •7.60 

1955-1956 ^ 1972-1973' 




V 




Source: Adapted from Likens, 1976. 
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in the Ocean 



An International Problem 

Oil pollution at sea comes from a number of 
.^j^. sources. More than 50% of this pollution can be 
attributed to river and urban runoff,, atmospheric 
fallout, and natural seepage. Spills Associated with 
the production and transport of oil account for most 
of the rest. 

The following statistics relate to oil in the marine 
environment: 



• Approximately 12,000 oil spills occur annually. 

• Seventy-five percent of human-caused spills 
come from ships. 

• The number of tanker spills does not appear to 
dSftpend primarily upon gize or age of the tanker, 
but upon the number of voyages. 

• Offshore oil production accounts lor 
approximately 2,000' barrels of spilled oil per 
year. 

• Spills of oil cost approximately $l,000/barrel to 
clean up. 
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Sources of Oil in 
the Oceans 



Source 



Estimated Contribution ( % ) 
(Barrels /Yr) 



Production and Transport 
Tankers 
Dry Dodtin'g 



Terminal Operations; 
Bil-ges \ 
Accidents 



Direct Sources < \ /• 

Coastal Refineries 
Municipal Waste 
Industrial Waste 
Off-Shore Oil Production 

Indirect Sources 

River, and Urban Runoff 
Atmospheric Fallout 

Natural Sources 
Seepage 

TOTAL * 



Source: U S. EPA, l\77 
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45,500,000 




34.9 
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9.8 

9.8 
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For Further Reading 



Irileragericy t'nergy /Environment Hemrch and 
Development Program - Status Report III , 
EPA6flO/77-()32,bytheOf(iceofEnergy, 
Mint^rals and Incluslry, Office d( Research and 
DevGlopment. Environmental Protection Agency 
(April 1977), 

A detailed status report of the Interagency Program 
including history, organization, and the basic \ 
rationale for the Program, Some cost figures are ' 
given for environmental control technologies being 
developed and for health and environmental effects 
studies of energy use. 

Energy /Environment I/, EPA-60{)/9-77^012, by 
the Office of Energy, Minerals, and Industry, Office 
of Researcfi and Development, l) S. 
Environmental Protection Agency, (November 
1977). / ^ • 

A summary of the proceedings pt the second 
national conference of the Interagency 
Energy/ Environment Programs, this report 
presents an overviei)? and status of the Program, 
Principal topic areas addressed are: fuel processing/ 
power generation for utilities and industry, 
extraction andbeneficiation of fuels, integrated 
technology assessment, healtti effects of pollutants, 
atmospheric transport of pollutants, measurement 
and monitoring of pollutant discharges, and 
ecological effects, 

A Notionol Plan for Energy Hesectrch , 
Developmnt and OemonstrQlion, ERDA 77-1 by. 
the U.S. Energy Research and Development 
Administration (June 1977), 
This brief, easily readable report presents the 
federal research and development program for 
energy development It addresses a broad range of 
topics including: the role of energy conservation, 
expansion of existing fuel sources, new types of 
fuels (shale oil, geothermal solar, fuel from wastes, 
etc.), nuclear energy, and environmental safety 
irch: 



Western Energi^ Resources and the Emimmnt: 
Geo!hermal£nergy,EPA'600/9'77'M6,bythe 
Office of Energy, Minerals and Industry, Office of 
Research and Development, U.S. Environinental 
Protection Agency. (May 1977). 
This document defines the extent and potential of 
geothermal resources, the technology available for 
development, and the constraints to growth. It 
highlights major research and development efforts 
b^ing carried out by ERDA, EPA', and other federal 
agencies. The report aims to provide the reader 
with a balanced picture of the problems as well as 
prospects lo( the development of geothermal . 
energy in the United States, and is intended to be a- 
general reference for use by policy makers and the 
interested public, ' 

Geothermal Industr]) Position Papsi ' 
EPA-600/7-77-092:ByEPAGeothermalWorking 
Group, Office of Research and Development, U.S. 
Environmental Protection Agency^ (Aiigi^st 1977). 
The environmental impact of geothermal energy 
development may be less intense or widespread 
than that of some^ other energy sources; however, it 
is the first example of a number of emerging energy 
technologies that must be dealt with by EPA. EPA 
may consider a spectrum of options ranging from a 
posture of business-as-usual to one of immediate ' 
setting of standards. The paper discusses the ^ 
regulatory approaches and the potential problems 
that geothermal energy may pre$ent in the areas of 
air quality, water quality, and other impacts. 

OH Shale and theEnvironment, ' , 
EPA'600/9-77-033, by the Office of Energy 
Minerals, and Industry, Office ofResearch and 
Development, U.S. Environmental Protection 
Agency. (October 1977). 



There is an urgency to produce more domestic oil 
as existing supplies dwindle and world oil prices 
rise. But wh^t we know about the environmental ' 
consequences of oil shale developmetit is sparse 
and often speculative. However, we do know that a 
relatively small region of the country will have to 
bear the full burden of these environmental 
consequences. Two issues become basic to the 
future of oil shale: Should the resource be 
developed now with all of the attendant 
environmental risks, or can. we afford to wait until 
We find out more about the risks and their 
prevention?, and: Is it fair to trade local l[fcstyle for- • 
the national good? ■ , , 

The purpose of this report is t^ put oil shale 
development into a realistic environmental 
perspective and to describe what the government is 
doing to insure-that development does not exact 
an intolerable environmental price , 

A Practical Appmch to Oedelopment of a Sfiafe . 
Oil Induistf]) in the United States, prepared by . 
Colorado School of Mines Research Institute, P.O. 
Box 122, Golden, Colorado 80401. Prepared for 
Gary Operating Company, Fourlnvefness Court 
East, Englewood, Colorado 80110, (October : 
, 1975).- ■ I 

A technically accurate and easily readable report 
concerning all phases of the pil shale industry. This 
study puts forth a well-reasoned proposal that the 
oihhale industry should be developed in a gradual 
orderly manner instead of under a crash program.;. 
The idea haarcorisiderable merit from ' 
environmental and financial standpoints. The 
report was summarized as a Position Paper * 
presented to the Committee on Science and • 
Technology, U.S, House of Representatives 
regarding the 1976 ERDA Authorization Bill, H.R. 
3474(5.598). ' 
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Sj^nthekUquidFuekDevelopmntiAmsment 
olCrikaihctors, ERDA76429/2, by th^ 
Stanford Research Institute, 333J^avenswood, 
Menlo Park, California 94025, Prepared for the 
Office of Energy, Minerals and Industry of the 
Office of Research and Development, , 
Environmental Protection Agency and for the 
Division of Transportation Energy Conservation, 
Energy Research and Development 
Administration. (May 1976). , 
A definitive study of the environmental, societal ' 
and institutional ramifications of synthetic fuels 
development. The study was organized as a 
technology impact assessment and called on a large 
team of experts to contribute in their specialty area. 
There are 23 separate chapters covering everything 
from the legal mechanisms for access to oil shale 
and financing the synthetic liquid fuels industry to 
the impact of industrial growth on rural society. 
Each chapter can stand alone for easy reading, 

Mmced Fossil fuels and (fie Emitonment 
EPA-600/9-77-013, by the Office of Energy, 
Minerals and Industry, Office of Research and 
Development, U.S. Environmental Protection 
Agency. (June 1977). 

This report reviews the environmental control 
technologies being developed in concert with 
advanced fossil fuel conversion processes, These 
control technologies are designed to eliminate the 
adverse health and ecological effects that are often 
by-products of energy conversion. 
While specific fuel conversion processes are 
examined in this report, it is emphasized that EPA's 
major inlerest lies with the type and quality of 
pollutants from the processes and the practicality 
and effectiveness of pollutant control methods. 



With its involvement in the actual conversion 
process, however, EPA is striving to assure that the 
new and evolving conversion processes will be v. 
environmentally sound as well as efficient. In 
addition, the Agency is working to prevent 
polllition from conversion processes already 
developed and in use. 

Coal Cleaning with Scrubbing for Sulfur Cor]trol: ' 
An Engineering/Economic Analysis, EPA 
600/9-77-017, by the Office of Energy, Minerals 
and Industry, Office of Research and Development, 
U.S. Environmental Protection Agency. (August 
1977), , 

The sulfur content of many U.S. coals can be 
significantly reduced by prc-combustion "cleaning", 
using established techniques widely employed to 
remove rock and other noncombustible 
constituents of coal. This approach to sulfur 
reduction may be used as an adjunct to flue gas 
cleaning ("scrubbing") as a means of reducing the 
sulfur emissions. This study examines the 
economics of using coal cleaning in addition to 
scrubbing in some 48 cases, as opposed to using 
scrubbing alone. 

Mear Power issues and Clioices, by the Nuclear 
Energy Policy Study Group, Spurgeon M. Keeney, 
Chairman^Sponsored by the Ford Foundation and 
administered by The MITRE Corporation. Ballinger 
Publishing pompany, Cambridge, Mass. (January 
1977). 

A general overview and'a detailed analysis of major 
issues relatinigi' the current and future status of 
nuclear power development and utilization. 'In 
addition to addressing such essential considerations 
as fuel supplies, economics, and competitiveness of 
nuclear and other power sources , the report also 
addresses such controversial issues as health and 
- environmental effects, long-term management of 
radioactive wastes, nuclear terrorism, and 
proliferation of nuclear weapons, 
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